ic brain injuries. Retrospectively, clinical data regarding the mechanism of injury, admission characteristics and findings on head CT, clinical variables related to hospital course, and outcome at the time of discharge from acute hospitalization were recorded. These data were then entered into a computer database. Using this database, all patients with tSAH on admission head CT scans (3157 patients) were identified. Individuals with penetrating head injuries and tSAH were then removed from this group for a total of 355 (11%) ( Table 1) .
Admission head CT scans were available in 252 cases (71%) of patients with nonpenetrating head injury and tSAH. A CT grading system was designed to classify tSAH in a manner similar to that of Fisher, et al., 16 although it differed by the inclusion of mass lesions known to be present in severe nonpenetrating head injuries. 17 In addition, several other characteristics on admission head CT scans known to influence outcome in severe nonpenetrating head injury were recorded and analyzed in this population. 13, 23, 41, 44, 46 A sample data sheet is shown in Fig. 1 .
Clinical Variables
Several clinical variables were extracted from the database for correlational analysis with the population of 252 tSAH patients. Variables included age, sex, injury severity score (ISS), 7 and the presence or absence of a variety of complicating factors occurring within the first 24 hours of admission, such as hypoxia (PO 2 Ͻ 60 mm Hg for Ͼ 5 minutes and Ͻ 30 minutes), hypotension (systolic blood pressure Ͻ 80 mm Hg for Ͼ 5 minutes and Ͻ 30 minutes), seizures, cardiopulmonary arrest, and the presence or absence of alcohol or other drugs. Admission postresuscitation Glasgow Coma Scale (GCS) 41 values as well as elevated (Ͼ 20 mm Hg for ≥ 15 minutes) intracranial pressure (ICP), nonneurological injuries, neurosurgical procedures, and neurological status at the time of discharge from acute hospitalization based on Glasgow Outcome Scale (GOS) 21 scores were also recorded for all patients. Also noted was whether an intracranial mass lesion visualized on admission head CT scan was surgical or nonsurgical. Surgical mass lesions were defined as follows: 1) extraaxial blood with a thickness of 5 mm or greater and associated with cortical sulcal effacement and/or CT evidence of perimesencephalic cistern effacement suggestive of impending transtentorial uncal herniation; or 2) intraparenchymal hemorrhage or contusion associated with a midline shift greater than 5 mm and/or CT evidence of perimesencephalic cistern effacement suggestive of impending transtentorial uncal herniation. Surgical mass lesions were evacuated as expeditiously as possible and only when the patient was medically and hemodynamically stable. Nonsurgical mass lesions were simply observed over the course of a patient's hospitalization.
Data Collection
Using available admission head CT scans of all patients with nonpenetrating head injuries and tSAH, the information needed for completion of the head CT forms was extracted and documented independently by a neuroradiologist and a neurosurgeon. Location of the tSAH on admission head CT scans was determined by using the criteria established by Fisher, et al. 16 Thickness of the tSAH was measured manually using an absolute-centimeter scale that was printed on each head CT radiograph. Midline shift was determined using the septum pellucidum as the midline structure, and the volume of each mass lesion was not quantified.
From this prospective review of head CT features, a total CT grade was assigned to each CT scan, consisting of the following features: Grade 1 indicated thin tSAH (≤ 5 mm); Grade 2, thick tSAH (Ͼ 5 mm); Grade 3, thin tSAH with mass lesion(s) and a shift less than or equal to 5 mm (3A) or greater than 5 mm (3B); Grade 4, thick tSAH with mass lesions and shift less than or equal to 5 mm (4A) or greater than 5 mm (4B). The distinctions between CT Grades 3A and 3B, and between 4A and 4B were later modified when stepwise regression analysis revealed that shift of midline structures was not a significant variable in an equation relating admission CT features to GOS 21 at the time of hospital discharge ( Table 2 ). The grading scale was changed and Grades 3A and 3B, and 4A and 4B were collapsed into Grades 3 and 4, respectively.
Location of the tSAH was modified so that a distinction was made between those regions involving the basal and vertical cisterns and sylvian and basofrontal interhemispheric fissures (basal region), and those involving the remaining portions of the interhemispheric fissure, areas directly above and below the tentorium, and cerebral convexities (hemispheric region). Based on this distinction, the location was categorized in a hierarchical manner and assigned values of 1 through 3 such that 1 referred to the presence of tSAH in the hemispheric region alone, 2 referred to the basal region alone, and 3 referred to the presence of tSAH in both the basal and hemispheric regions.
Statistical Analysis
The combination of CT features that included basal cistern effacement, thickness of tSAH, presence of mass lesion(s), shift of midline structures, location of tSAH, and cortical sulcal effacement were subjected to stepwise regression analysis with backward elimination and limit of inclusion of 0.05 using the discharge GOS score as the dependent variable. Identical methods were used to evaluate the contribution to outcome of admission postresuscitation GCS score, CT grade, and patient age. Interrater reliability was performed on all CT characteristics and compared statistically using standardized paired z-tests. Binomial tests of equal outcome proportions were used for evaluating statistical significance in those situations for which the null hypothesis assumed equal outcome proportions for two different interventions. 19 Finally, chisquare analysis and the Fisher's Exact test were performed when appropriate. Statistical significance was set at the 0.05 level.
Results
The mean age of patients in this cohort was 34 years (standard deviation 21.4 years), with ages ranging from 1 month to 102 years. There were 193 males and 59 females. Interrater reliability between neuroradiologist and neurosurgeon was 94%. The stepwise regression analysis, which used the GOS score at the time of discharge from acute hospitalization as the dependent variable, resulted in exclusion of shift of midline structures as a significant variable relating to outcome. In terms of the contribution to GOS scores at the time of discharge from acute hospitalization, basal cistern effacement was the most significant variable in the regression model (Table 2) , followed by thickness of tSAH, cortical sulcal effacement, presence of mass lesion(s), and location of tSAH. Because of the comparatively small contribution made by location of tSAH to GOS scores, this variable was excluded from the final CT grading scale.
The relationship between admission postresuscitation GCS score and CT grade is shown in Fig. 2 left. This relationship is significant ( 2 = 37.57, p Ͻ 0.0001), suggesting that patients with lower CT grades had higher admission GCS scores and that patients with higher CT grades had lower admission GCS scores. In a similar manner, the relationship between CT grade and discharge GOS values is shown in Fig. 2 right. The significant relationship between these two variables ( 2 = 49.746, p Ͻ 0.001) suggests that patients with a lower CT grade have a better outcome as reflected by the discharge GOS score and that patients with higher CT grades have a worse outcome. No significant relationship was found between CT grade and ISS on admission.
An additional regression model evaluating the contributions of admission postresuscitation GCS score, CT grade, and patient age to GOS classification at the time of discharge from acute hospitalization revealed that the admission GCS score was the most significant variable, followed by CT grade (Table 3) . Patient age contributed the least to the discharge GOS score in this patient population. Within the first 24 hours of admission, hypoxia and hypotension occurred as complicating factors in 15 and 24 patients with tSAH, respectively. These factors were correlated with cortical sulcal effacement and basal cistern effacement (Table 4) . Elevations in ICP at the time of ventriculostomy placement and 6 hours after admission also demonstrated a significant association with basal cistern effacement ( 2 = 5.66, p Ͻ 0.025; and 2 = 7.40, p Ͻ 0.01, respectively). Table 5 shows the stratification of outcomes based on admission postresuscitation GCS scores and CT grades. More than 25% of the 252 patients in this study with good outcomes based on their discharge GOS category had mild head injuries according to their admission postresuscitation GCS scores, which ranged from 13 to 15. Interestingly, of those patients with more moderate head injuries (GCS values of 10-12 on admission), those with mass lesions had moderate-to-poor outcomes (72% of patients with CT Grade 3 and 75% of patients with CT Grade 4).
Because of the variability in the relationships noted between CT grade and discharge GOS classification, further evaluation of groups at the extremes (CT Grade 1 and A total of 182 (72%) of the 252 patients with tSAH had surgical or nonsurgical intracranial mass lesions (CT Grades 3 and 4) ( Table 6 ). Eighty-one (45%) of the 182 mass lesions were surgical; 60 (74%) of these were operatively evacuated within the first 3 hours of admission and all surgical mass lesions were evacuated within 24 hours of admission. Of the 252 patients evaluated in this study, 31 (12%) had a midline shift greater than 5 mm on admission CT, and 30 of these patients (97%) had intracranial mass lesions (Table 7) . Nineteen (63%) of the 30 patients with intracranial mass lesions and a shift greater than 5 mm had surgical mass lesions; 18 of these surgical mass lesions (95%) were evacuated within 3 hours of admission, and all 19 patients had their mass lesions evacuated within 24 hours of admission.
In terms of outcome at the time of discharge from acute hospitalization, only those groups of patients with good or vegetative outcomes showed significant differences in the proportion of patients with surgical versus nonsurgical mass lesions (Table 8 ). The majority of patients (89%) with good outcomes (Table 8) had nonsurgical mass lesions, whereas all seven patients with vegetative outcomes had surgical mass lesions that were evacuated within 3 hours of admission. There were no differences in the proportions of patients with surgical versus nonsurgical mass lesions who died during the course of their acute care hospitalization (Table 8) .
Discussion
In this retrospective study of 252 patients with nonpenetrating head injury and the presence of tSAH on admission head CT, we have demonstrated a significant association between a simple CT grading system for tSAH and outcome based on GOS scores at the time of discharge from acute hospitalization. Although no long-term followup data were available for the majority of patients, results from the Traumatic Coma Data Bank for severe head injury revealed a difference of less than 4% between the rates of mortality at time of discharge and at a later followup date.
14 This suggests that minimal variability occurs over time in the outcome extremes (good recovery vs. death) for follow-up GOS scores in a cohort of patients with mild, moderate, and severe head injuries such as those included in our study. The scoring system on which a given CT grade is based has a high interrater reliability factor (94%). Furthermore, with the exception of the shift of midline structures variable, all of the admission head CT characteristics used to arrive at the final CT grade significantly relate to outcome on regression analysis (Table 2) .
Admission CT Features
Our CT grading system was designed to compare those K. A. Greene, et al. variables known to influence clinical outcome after a severe head injury with those associated with tSAH. As expected (Table 2) , basal cistern effacement was the most powerful contributor to outcome in this study. 27, 41, 44, 46 This feature, more than any other, is correlated with elevations in ICP. 30, 41 Basal cistern effacement in severely head injured patients with tSAH in the present study was significantly associated with ICP elevations at the time of ventriculostomy placement and 6 hours after admission. Sustained elevations in ICP have been shown by the Traumatic Coma Data Bank to be associated with worse outcomes in severe nonpenetrating head injury. 29 The presence of cortical sulcal effacement following severe nonpenetrating head injury has been shown to be associated with basal cistern effacement and the occurrence of hypoxia and/or hypotension by the Traumatic Coma Data Bank; 14 these factors may also influence outcome. In addition, we found an association between basal cistern and cortical sulcal effacement and the occurrence of hypoxia and/or hypotension ( Table 4) .
The presence of thick subarachnoid blood also plays a significant role in the outcomes reviewed by this study. Although hydrocephalus can develop in association with SAH, fewer than 3% of the patients in this study actually developed posttraumatic hydrocephalus. Some investigators have speculated that tSAH may act in ways similar to aneurysmal SAH with regard to the risk of vasospasm. 14, 26, 32 We were unable to verify this hypothesis in our study because of an inadequate number of angiographic studies (only 16) performed in the tSAH patient population.
The presence of an intracranial mass lesion is known to be an important factor in determining outcome in patients with severe head injury. 17 This was true in the present study as well, although other admission CT features appeared more influential, perhaps because of the policy of prompt evacuation of surgical mass lesions at our institution. Of interest in this regard is the absence of a significant contribution on the part of shift of midline structures on admission head CT to outcome in this study. Previous reports of admission head CT findings associated with outcome in nonpenetrating head injury have demonstrated that midline shift plays a significant role. 30, 46 However, the vast majority of intracranial mass lesions present in patients with nonpenetrating head injury at our institution are evacuated within the first 3 hours of admission. This is true for the population of patients with tSAH and mass lesions with midline shift greater than 5 mm in the present study (Table 7) : 18 (95%) of 19 patients in this category had their mass lesions removed within 3 hours of admission. Prompt evacuation of mass lesions in this cohort of patients may have diminished significantly the contribution of midline shift on admission head CT to outcome in this study.
Although we recorded the presence of intraventricular hemorrhage (IVH), this feature reflects primarily the severity of head injury, 13, 23 but is unassociated with elevations in ICP. 23 Diffuse axonal injury 3 is also a significant factor in relationship to outcome in nonpenetrating head injury.
2 Such lesions are more readily visualized on magnetic resonance (MR) images 47, 48 and their imaging characteristics on admission CT, as well as both early and late * GCS ADMIT = admission postresuscitation Glasgow Coma Scale 41 score; GOS DISCH = Glasgow Outcome Scale 21 category at time of discharge from acute hospitalization; CT = computerized tomography; good = good outcome; moderate = moderate disability outcome; poor = poor outcome (severe disability, vegetative, or dead). Outcome designations are based on criteria of Jennett and Bond 21 for summation of GOS discharge categories.
† Percentages are calculated from total number of patients within a given GCS ADMIT /CT grade. MR images, are significantly associated with the degree of neurological disability. 24, 25, 45 Although diffuse axonal injury may be present on admission in patients with focal or diffuse brain injury, 36, 37 there is evidence that indicates that focal lesions may be more severe in the absence of diffuse axonal injury. 1 In addition, the focal lesions that coexist with diffuse axonal injury on admission imaging studies appear to have a greater impact on outcome when compared to diffuse axonal injury alone, particularly when tSAH is present. 38 Furthermore, diffuse axonal injury is often unassociated with elevations in ICP. 18 Because too few MR imaging and autopsy studies were performed on patients in this study, we are unable to comment on the contribution of diffuse axonal injury to outcome in this cohort of 252 patients with tSAH on admission head CT.
Computerized Tomography Grade, Neurological Injury, and Admission Injury Severity
The association between admission postresuscitation GCS score and CT grade (Fig. 2) suggests that patients with higher CT grades tend to have more severe neurological injuries. Other factors may significantly influence the severity of neurological injury assessed on admission, and the motor score obtained on admission may be more reflective of the severity of the injury. Whether this is true awaits further study because the design of our database would not permit the extraction of such data for analysis from the admission GCS values.
Computerized Tomography Grade and Outcome
The relationship between admission CT grade and outcome at the time of discharge from acute hospitalization is strikingly clear (p Ͻ 0.0001) (Fig. 2 right) . There is clearly a trend of worsening outcomes coinciding with higher CT grades. Although the relationship is clearly significant, the variance not explained by the correlation coefficient between the two variables probably reflects the complexity of factors that contribute to outcome in nonpenetrating head injury. 30 An analysis of ISS with regard to admission CT grade reveals no relationship between these two. However, in those CT grades in which little linearity between CT grade and GOS score exist, for example GOS Category 5 (Fig. 2 right) , patients with high admission ISSs comprise a substantial proportion of patients with CT Grades 1 and 2.
Other factors such as age clearly contribute to outcome differences. However, CT grade contributed substantially more to outcome than age when regression analysis was performed in conjunction with admission GCS and age using the GOS score at the time of discharge from acute hospitalization as the dependent variable (Table 3) . Although other factors may also play a significant role in determining overall outcome of patients with tSAH in nonpenetrating head injury, our grading system remains a simple, reliable, and significant predictor of outcome at the time of discharge from acute hospitalization.
Implications of the Study
As noted previously, some authors have postulated that tSAH may exert its negative effect in a manner similar to that of aneurysmal SAH with regard to the risk of developing cerebral ischemia from vasospasm. Unlike nontraumatic, nonaneurysmal SAH, [33] [34] [35] vasospasm following severe nonpenetrating head injury is not uncommon 4, 32, 40 and may result in symptomatic ischemia and stroke. 32 In aneurysmal SAH, the amount of subarachnoid blood visualized on admission CT relates significantly to the risk of cerebral vasospasm. 16, 22 In nonpenetrating head injury, vasospasm may be related to more than simply the presence and quantity of subarachnoid blood. 11, 31, 32, 40 Studies using transcranial Doppler (TCD) ultrasonography for the detection of vasospasm in patients with nonpenetrating severe head injury do not reliably correlate the incidence of vasospasm with the amount of tSAH on admission CT. 11, 32 Perhaps this is because high velocities measured by TCD studies in severe head injury reflect hyperemia rather than vasospasm. Studies that incorporate the use of cerebral angiography, cerebral blood flow, and TCD in severe head injury might be useful in addressing this issue.
In a recent study, Martin and colleagues 31 showed that the risk of development of posttraumatic vasospasm in a series of 101 patients with nonpenetrating brain injury was associated with the presence of tSAH, subdural hematoma, IVH, and contusions and/or intraparenchymal hemorrhage on admission head CT scan. Vasospasm did not develop in patients with normal scans or scans that revealed either cerebral edema alone or epidural hemorrhage. Patients who had all four features associated with an increased risk of vasospasm always developed vasospasm. Patients who had tSAH in addition to one of the other remaining three CT features had a greater risk of developing vasospasm than patients with tSAH alone. This finding indicates that one must take into account the addition of other CT features in nonpenetrating head trauma when attempting to develop an adequate grading system for tSAH rather than creating a simple extrapolation of grading systems used in aneurysmal SAH. 16 Furthermore, complicated CT classification schemes in head injury, such as the currently available system outlined by * tSAH = traumatic subarachnoid hemorrhage; intracranial mass lesion = epidural hematoma, subdural hematoma, or hemorrhagic contusion; CT = computerized tomography.
† Glasgow Outcome Scale 21 category at time of discharge from acute hospitalization: 1 = good recovery; 2 = moderate disability; 3 = severe disability; 4 = vegetative; 5 = dead.
‡ Two-tailed binomial test of equal outcome proportions. NS = not significant.
Marshall and coworkers, 30 have recently been shown to be inconsistently applied to individual patients in one multicenter study. 15 This study stressed the importance of establishing a reliable and simple method of reporting and grading tSAH for use in future head-injury protocols. We believe that the simple CT grading scale for tSAH outlined in this paper may eventually prove useful in this regard.
Given the association between worse outcomes for patients with nonpenetrating head injury who have tSAH on admission head CT, therapeutic modalities designed to limit the effects of secondary brain injury and neurotoxicity known to occur in nonpenetrating head injury 6, 10, 12 should be considered. The results noted in Table 5 reinforce this issue: a significant proportion of patients with moderate head injuries and mass lesions on admission CT scans had moderate-to-poor outcomes at the time of discharge from acute hospitalization. Hypervolemic-hemidilutional therapy 5 and moderate hypothermia 28 could have been useful interventions in this population of patients. Although somewhat controversial at present, 9 the use of the calcium channel blocker nimodipine may be beneficial in patients with tSAH. 15 Such intervention in a population of head-injured patients at risk for worse outcomes awaits further study.
Conclusions
In a cohort of 252 patients with nonpenetrating brain injuries and tSAH on admission CT scans of the head, a CT grading scale was developed that incorporates thickness of subarachnoid blood, as well as the presence or absence of mass lesions. Using this simple grading system, we have shown a significant relationship between CT grade and outcome at the time of discharge from acute hospitalization. We propose that this simple and reliable grading system be used in prospective studies aimed at elucidating the pathophysiological process(es) responsible for worsening outcomes in patients with tSAH, as well as in protocols designed to improve outcome in this patient population.
